The aim of the work was to characterize the sorption of cationic dyes thioflavine T (ThT) and methylene blue (MB) onto selected Slovakian river sediments using chemometric approaches including principal component analysis (PCA) and cluster analysis (CA). Also, the potential of mentioned multivariate analyses for comparison of studied objects (river sediments or river and model waters) as well as in finding relationships between the variables describing the physico-chemical characteristics of studied matrices or waters and sorption/desorption characteristics of matrices for dyes binding under laboratory conditions was evaluated. Parameters describing the physico-chemical characteristics of sediments include: pH, pH zpc , or cation-exchange capacity; and in the case of waters: pH, conductivity, water hardness, content of dissolved solids or presence of organic compounds. From the comparison of dye sorption onto sediments, it was found that sorption of thiazine dye MB was minimally 1.5-times higher than sorption of benzothiazole dye ThT. Sorption capacities Q s reached the maximum values in the case of sediments originated from Dudvah River (MB-Q s = 8.70 ± 0.42 mg g −1 ; ThT-Q s = 5.03 ± 0.28 mg g −1 ; ±SD). Obtained results showed that applied methods of multivariate analyses represent a suitable tool for evaluation of sorption/desorption processes of organic xenobiotics binding in sediments.
. Location of sampling sites within the catchment area of Vah River, southwest Slovak Republic (indication of borders: A-Austria; CZ-Czech Republic; H-Hungary; PL-Poland; UA-Ukraine). Sampling site no. 1 represents the water reservoir Kralova near the city of Sala; sampling site no. 2 Vah River nearby the mouth of Dudvah River to Vah River; and sampling site no. 3 Dudvah River.
The sampling of river water from the surface of Vah River and Dudvah River was carried out at least 1 m away from the riverbank into sterile plastic flasks (2 dm 3 ) and obtained samples of waters were stored in a refrigerator at 4 °C.
Similarly to the case of sediments, samples of river waters as studied objects were extended with deionized water, mineral waters, and synthetic lake waters or synthetic wastewater. Model synthetic freshwaters imitating the composition of water in lakes Seathwaite Tarn (Cumbria), Esthwaite (Cumbria), and Rostherne Mere (Lancashire) in the UK were prepared according to work Smith et al. [21] . The composition of individual synthetic freshwaters is described in Table 1 . The preparation of the model synthetic wastewater was carried out according to work Bracklow et al. [22] . The composition of synthetic wastewater was as follows (in mg dm −3 ): peptone-17.4; yeast extract-52.2; milk powder-116; starch-122; sunflower oil-29.0; ammonium acetate-79.4; KH2PO4-23.4; MgSO4·7H2O-41.0; urea-91.7; NH4Cl-12.8; FeSO4·7H2O-5.8; CoCl2·6H2O-0.3. Microelements and heavy metals were added in quantitative and qualitative composition according to Hoagland medium [23] (in µg dm −3 ): H3BO3-850; CuSO4·5H2O-80; MnSO4·5H2O-500; Na2MoO4·2H2O-6; ZnSO4·7H2O-66. A commercially available waters as models of mineral waters were also used. The sampling of river water from the surface of Vah River and Dudvah River was carried out at least 1 m away from the riverbank into sterile plastic flasks (2 dm 3 ) and obtained samples of waters were stored in a refrigerator at 4 • C.
Similarly to the case of sediments, samples of river waters as studied objects were extended with deionized water, mineral waters, and synthetic lake waters or synthetic wastewater. Model synthetic freshwaters imitating the composition of water in lakes Seathwaite Tarn (Cumbria), Esthwaite (Cumbria), and Rostherne Mere (Lancashire) in the UK were prepared according to work Smith et al. [21] . The composition of individual synthetic freshwaters is described in Table 1 . The preparation of the model synthetic wastewater was carried out according to work Bracklow et al. [22] . The composition of synthetic wastewater was as follows (in mg dm −3 ): peptone-17.4; yeast extract-52.2; milk powder-116; starch-122; sunflower oil-29.0; ammonium acetate-79. 4 O-66 . A commercially available waters as models of mineral waters were also used.
Chemicals
Stock solutions of thiazine cationic dye methylene blue (MB; p.a. purity; CAS 61-73-4; C.I. 52015; Mr = 319.86; Fluka AG, Chem Fabrik, Buchs, Switzerland) or benzothiazole cationic dye thioflavine T (ThT; 75% purity; CAS 2390-54-7; C.I. 49005; Mr = 318.86; Fluka AG, Chem Fabrik, Buchs, Switzerland) with the final concentration 200 mg dm −3 were prepared by dissolving of defined amount of dyes in deionized water, river waters, mineral waters, synthetic lake waters, or synthetic wastewater.
Characterization of River Sediments
The characterization of potential functional groups involved in the sorption of cationic dyes onto surface of non-treated or treated river sediments and chemically treated sea sand was carried out using modified potentiometric titration proposed by Zhang et al. [24] . In order to prediction of pK a values characterizing the individual functional groups, binding sites concentration c An for each predicted functional group and pH zpc value (pH of zero point of charge) the modelling program ProtoFit ver. 2.1 [25] was used. The determination of cation-exchange capacity (CEC) of studied river sediments and sea sand was realized according to ISO standard method no. 11260 [26] based on using 0.1 mol dm −3 BaCl 2 solution as an extraction agent and chelatometric titration for Mg 2+ determination as an index cation. The pH values of river sediments and sea sand were measured according to ISO standard method no. 10390 [27] in a mixture of sediment with distilled water (pH H2O ), 0.01 mol dm −3 CaCl 2 (pH CaCl2 ) or 1 mol dm −3 KCl (pH KCl ) solutions in weight to volume ratio 1:5 (w/v). The elemental analysis of non-treated and treated river sediments (sieved to granularity < 0.063 mm) was performed by X-ray fluorescence spectrometry using the high performance X-ray fluorescence spectrometer (Spectro, X-LAB 2000) for determination of metals As, Ba, Bi, Br, Ca, Cd, Ce, Cr, Cs, Cu, Fe, Ga, Ge, La, Mg, Mn, Mo, Nb, Ni, Pb, Rb, Sb, Se, Sn, Sr, Th, U, V, W, Y, Zn, and Zr. 
Characterization of River and Model Waters
The water hardness determination (Ca and Mg content) in the case obtained samples of river water as well as deionized water, mineral waters, synthetic lake waters or synthetic wastewater was carried out according to ISO standard method no. 6059 [28] . This standard method is based on chelatometric titration of Ca and Mg by disodium salt of EDTA at pH 10.0 and with Eriochrome black T as an indicator. The qualitative determination of organic compounds presence in studied waters was realized according to standard method no. 75 7360 [29] by measuring of water absorbance at wavelength λ max = 254 nm. The content of dissolved solids was determined according to standard method no. 75 7373 [30] gravimetrically at 105 • C. The content of selected inorganic anions (F − , Cl − , Br − , NO 3 − , NO 2 − , SO 4 2− , and PO 4 3− ) in river water samples was determined by ion chromatography (Dionex, ICS-5000, Sunnyvale, California, USA) using the conductivity detector (Dionex, ASRS ULTRA), whereby obtained primary data were analyzed with the program Chromeleon 6.5 Chromatography Workstation (Dionex). For the determination of selected heavy metals (Cd, Pb, Cu, Zn, Ni, and Co) in river water samples, the stripping voltammetry was used. The analysis was carried out using the voltammetry apparatus (Metrohm, 746VA Trace Analyzer, Herisau, Switzerland) and standard addition method, differential pulse anodic stripping voltammetry, and adsorption differential pulse cathodic stripping voltammetry were applied as measurement techniques.
Sorption and Desorption of Dyes
Sorption and desorption experiments were conducted under batch conditions in 100 cm 3 Erlenmeyer flasks. Control experiments without river sediment addition performed to investigate the loss of dyes due to sorption onto the surface of the flask confirmed that the concentration of studied dyes MB and ThT remained unchanged. Studied river sediments or sea sand (fraction < 0.31 mm; concentration 5.0 g dm −3 ) were added into series of Erlenmeyer flasks containing 20 cm 3 of dye solution MB or ThT prepared in deionized water, river waters, mineral waters, synthetic lake waters or synthetic wastewater with defined concentration and values of pH or conductivity. Interaction via agitation in an incubated rotary shaker (250 rpm; 25 • C) was carried out and the change of dye concentration in solution due to evaporation of water was prevented by covering the Erlenmeyer flasks with a parafilm. In defined time intervals, the suspension in flasks was centrifuged (5 min at 3500 rpm) and the chemical concentrations of MB or ThT dyes in the supernatant using UV-vis spectrophotometer (Varian, Cary 50, Mulgrave, Victoria, Australia) were analyzed. The measurements of the absorbance of experimental solutions as well as standard solutions containing MB or ThT to obtain the calibration curves were performed at a wavelength λ max = 650 nm for MB or λ max = 412 nm for ThT, respectively. All experiments were realized in duplicate. The amount of MB or ThT dyes sorbed onto studied sediments or sea sand Q s was calculated using Equation (1)
where Q s is the amount of dye sorbed onto river sediment or sea sand (mg g −1 ; d.w.). C 0 and C t are the initial concentration of dye in solution at the time t = 0 and the concentration of dye at the time of sampling t (mg dm −3 ), respectively. V and S are the volume of solution (dm 3 ) and the amount of river sediment or sea sand (g), respectively. Desorption of MB or ThT dyes from the river sediments or sea sand was carried out under identical conditions of the above-mentioned sorption experiments. Centrifuged studied sediments or sea sand with sorbed dyes and originated from the sorption experiments were transferred into Erlenmeyer flasks containing 0.1 mol dm −3 HCl or 96% vol. ethanol solutions as desorption agents. In the determination of MB or ThT concentration in desorption solution at the end of experiments, the changes of extinction molar coefficients ε 650nm or ε 412nm as well as the possible releasing of substances from sediments, which could affect the measured absorbance values, were taken into account. All experiments were realized in duplicate. The efficiency of dyes desorption from the studied sediments or sea sand D % was evaluated by Equation (2)
where D % is the desorption efficiency (in %). C d is the amount of dye released into supernatant of desorption solution (mg), and C s is the initial amount of dye sorbed onto river sediment or sea sand (mg), respectively.
Data Analysis
Univariate analysis of the data describing the physico-chemical characteristics of studied sediments or sea sand as well as studied waters (n = 3) and data describing the sorption/desorption characteristics of studied matrices for dyes binding (n = 2) was applied in terms of arithmetic mean and standard deviation obtaining. Also, obtained data were evaluated by methods of multivariate analysis include: clusters analysis (CA) and principal component analysis (PCA). CA was used to investigate the similarities between the studied objects in the variable space, which are visually represented by dendrograms. In this analysis, the squared Euclidean distance and Ward's method as aggregate Separations 2018, 5, 57 6 of 22 rule were applied. Euclidean distance corresponds to the geometric distance between variables in the multidimensional space. Ward's method uses an analysis of variance approach to evaluate the distances between clusters and attempts to minimize the sum of squares of any two clusters that can be formed at each step. The mentioned methods were chosen since it seems a reasonable compromise for quantitative data. The purpose of PCA is to describe linear relationships between variables. It calculates principal components (PCs) that represent the degree of correlation between all variables. Among the PCs, only those that have the percentages of highest variance are used to explain the variables and individual distribution [31] . In this context, significant PCs were selected based on the calculated eigenvalues, when eigenvalue > 1 is usually considered as a criterion for extraction of the principal components required to explain the sources of variance in the data. Mentioned data analyses were realized using the statistical and data visualization program STATGRAPHICS Centurion ver. 15 (StatPoint, Inc., Warrenton, VA, USA).
Results and Discussion

Characterization of River Sediments
To reach the main aims of the work, physico-chemical characteristics of obtained river sediments from Dudvah River, Vah River and water reservoir Kralova were determined in the first step. Also, this characterization served to provide a better understanding of dye sorption/desorption processes occurring on the surface of sediments as well as relationships between these processes and the physico-chemical characteristics of river sediments. As it was mentioned, for comparison and extension of studied objects, river sediments treated by deionized water or 0.1 mol dm −3 HCl solution and chemically treated sea sand were also used.
From the point of view of cationic xenobiotics sorption, it is important to determine the active zone on sorbent for cations binding mainly in terms of quantitative and qualitative portion of negatively charged functional groups. To find the qualitative presence of functional groups on the sorbents, FT-IR analysis is widely used. In this work, for the qualitative characterization of functional groups as well as for the prediction of binding sites concentration c An for each predicted type of functional group on the surface of sediments, potentiometric titration, and modeling program ProtoFit were applied.
Obtained titration data (Appendix A) were fitted to the non-electrostatic surface complexation model option within ProtoFit program using two, three, and four discrete sites. The four-site model provided the best fit of the experimental data for all studied matrices. According to obtained results, the presence and quantitative portion of carboxyl (-COOH), hydroxyl (-OH), phosphate (-PO 3 H 2 ), and amino (-NH 2 ) groups on the surface of studied matrices were identified. All these qualitative and quantitative parameters are difficult to use for comparison of matrices or their effects on sorption/desorption characteristics of studied matrices for dyes binding. However, the presence or the portion of particular functional groups have important role not only considering which type of ion can be bound, but also from the point of view of the total charge on the surface of the given sorbent. In this context, the ProtoFit program allowed to predict the pH zpc values (pH of Zero Point of Charge) for individual sediments and sea sand, which represent the pH value when sorbent shows zero surface charge. It means that if the environment pH < pH zpc than sorbent surface acquires a positive charge, and if the environment pH > pH zpc sorbent surface shows a negative charge.
Among other important parameters that describe the ability of the given matrix to bind organic compounds or metals are the pH value and cation-exchange capacity (CEC). These parameters are determined, especially in the case of soil samples, for evaluating metals binding and their mobility in the environment. The pH value determines which species of ions or compounds will be significantly bound on analyzed matrix. In general, if matrix shows pH < 7, it can be expected the binding negatively charged ions or compounds on the matrix. If matrix shows pH > 7, the bond of positively charged ions or compounds will be dominated. In this work, pH values for studied matrices were analyzed in suspension with distilled water (pH H2O solutions. CEC value in miliequivalent exchanged cations on 100 g of matrix quantitatively indicates the ability of given material to bind cations. In the case of clay or organic soils, the CEC reaches the values up to 20 meq/100 g. On the other hand, sandy soils with low ability to bind ions show values only 2−3 meq/100 g [32] .
In the Table 2 , the determined values of pH H2O , pH CaCl2 , pH KCl , pH zpc , and CEC for non-treated or treated river sediments obtained from Dudvah River, Vah River, and water reservoir Kralova as well as sea sand are summarized. The pH values of individual non-treated river sediments and sea sand were not significantly different. The differences between the determined values in the case of suspensions with distilled water, 0.01 mol dm −3 CaCl 2 or 1 mol dm −3 KCl solutions were in the range 0.27−1.27. However, the significant effect of the sediment treatment on pH values of sediments was observed, especially for sediments treated with 0.1 mol dm −3 HCl solution. Similar result was also found for pH zpc values, but studied river sediments themselves were different in the predicted pH zpc values. The lowest pH zpc value was determined in the case of Dudvah River sediment and the highest pH zpc value was obtained for sea sand as a comparative object. On the other hand, the highest CEC values were calculated in the case of sediment originated from the water reservoir Kralova and the lowest CEC value showed sea sand. CEC is cation-exchange capacity of river sediments and sea sand determined according to ISO standard method no. 11260 [26] . pH zpc (pH of Zero Point of Charge) is the pH value when matrix shows zero surface charge.
In general, river sediments represent particles derived from sedimentary rocks or different biological origin components that are transported by liquid phase and deposited from water column. Fine-grained bottom or offshore sediments (generally fraction < 0.125 mm) offer sensitive indication of organic xenobiotics or heavy metals contamination of water systems mainly controlled by sorption processes [33] . Thus, sediments represent a sink for xenobiotics or metals and indicator of environmental quality.
In consideration of the localities of river sediments samples taken which are characterized mainly by heavy metals contamination, especially Cd and Pb [34] , as well as evaluation of changes in sediment composition caused by sediment washing with deionized water or 0.1 mol dm −3 HCl solution, X-ray fluorescence spectrometry as an additional analysis of sediments was used. Main elements, such as Ca, Fe, Mg, or Mn and trace elements, such as As, Ba, Bi, Br, Cd, Ce, Cr, Cs, Cu, Ga, Ge, La, Mo, Nb, Ni, Pb, Rb, Sb, Se, Sn, Sr, Th, U, V, W, Y, Zn, and Zr were analyzed in % and ppm amounts, respectively.
US EPA proposed parameters, the effects range low (ERL) and effects range median (ERM), for prediction of sediment contamination. The ERL values represent the tenth percentile of the effects database, below which harmful effects on aquatic biota are rarely observed and the ERM values describe the 50th percentile of the effects data and is indicative of concentrations above which harmful effects are often observed [35] . These parameters have been widely applied and found to be effective predictive tools [36, 37] .
In all studied river sediments mentioned limits were not exceeded and determined levels of metals were minimally two-times lower than defined ERL values. The significant differences in orders of magnitude between river sediments sampled from studied localities in terms of determined amounts of metals in sediments were not found. Differences at the level of 1.5-to 2-times higher values were determined only in the case of elements Ca, Cu, Pb, and Zn. The influence of river sediment treatment by washing with deionized water or 0.1 mol dm −3 HCl solution on composition of studied matrices was significantly observed only for HCl as treatment solution and for metals of alkaline earths (Mg, Ca, and Sr). This fact indicates that metals weakly bound into sediments can be released at slightly acidic conditions. However, in the case of organic xenobiotics bound onto sediments, such as cationic synthetic dyes, they can be released not only at acidic conditions, but more significantly in conditions of less polar solutions, e.g., diluted solutions of alcohols or organic solvents [20] .
Characterization of River and Model Waters
Following the previous analyses, river water samples taken from Dudvah River and Vah River as well as mineral waters, synthetic lake waters and synthetic wastewater as environment of designed sorption experiments were also subjected to physico-chemical characterization. In this context, parameters, such as pH, conductivity, water hardness (content of Ca and Mg; C Ca+Mg ), content of dissolved solids or presence of organic compounds (Table 3 ) and content of selected anions and cations (Table 4) were evaluated. From the obtained results (Table 3) , it can be concluded that studied waters were significantly different in analyzed parameters: pH value in the range 4.30-7.79, conductivity 0.054-1138 µS cm −1 , water hardness (content of Ca and Mg; C Ca+Mg ) 0.19-10.1 mmol dm −3 , content of dissolved solids 0.032-0.750 g dm −3 , and the presence of organic compounds given by measured values of absorbances at wavelength 254 nm 0.000-0.865 (the value > 0.080 represents potential hazardous presence of organic compounds). This fact is important from the point of view of main aim of the work relating to finding the relationships between the sorption/desorption variables describing the stability of the bond sediment-dye and parameters describing the physico-chemical properties of the environment of real or model waters using the methods of multivariate analysis. The determinations of inorganic dissolved anions by ion chromatography and cations-metals by stripping voltammetry were also carried out. In Table 4 , the contents of analyzed anions and cations in river and model waters are summarized.
Sorption and Desorption of Dyes
With the aim to characterize the sorption processes of cationic dyes ThT and MB binding onto river sediments obtained from Dudvah River, Vah River, and water reservoir Kralova the relevant sorption experiments under batch conditions were carried out.
It was found that the sorption of ThT and MB dyes onto river sediments and sea sand (concentration of sediment 5 g dm −3 ) from deionized water, river waters (Dudvah and Vah River), mineral waters (Rajec and Miticka), synthetic lake waters (Esthwaite, Rostherne Mere, and Seathwaite Tarn) or synthetic wastewater containing C 0 = 40 mg dm −3 ThT or MB was a rapid process when concentration equilibrium [dye] . These results also revealed that MB sorption was minimally 1.5-times higher than ThT sorption at all experimental conditions. The maximum and minimum values of dye sorption Q s onto studied matrices obtained for different objects or processes are summarized in Table 5 . Also, the significant effect of environment defined by composition and physico-chemical characteristics of river or model waters on dye sorption was observed. The highest values of dye sorption Q s were found in the case of waters showing low value of conductivity, water hardness, (content of Ca and Mg) and content of dissolved solids. It can be explained by competitive effects between monovalent or bivalent cations occurring in the waters and dyes molecules with positive charge as well as saturation of binding sites on the sediment surface with cations.
As it was mentioned, sediment samples briefly treated with deionized water or 0.1 mol dm −3 HCl solution were also used in the experiments. This short-term washing of sediments caused a significant decrease in sediment ability to bind ThT and MB dyes in comparison with non-treated sediments.
The problem with organic xenobiotics, such as synthetic dyes, also consists in their high stability in the environment, especially in bottom sediments. From this reason, it is necessary to evaluate the remobilization of these compounds from river sediments to water column as well as their sequential releasing to the lower layers of sediments. In individual experiments, it was found that sorbed ThT and MB dyes were more released from the studied matrices under conditions represented by solution of 96% vol. ethanol (EtOH) in comparison with solution of 0.1 mol dm −3 HCl, however the desorption efficiency not exceeded 25% of the sorbed amount of dye (Table 5) . Also, the effect of sediment origin and their physico-chemical characteristics on the reversibility of bond dye-sediment was observed. The choice of mentioned desorption agents was based on obtained results of other authors describing the sorption of dyes on sorbents of biological origin. Significant works were realized mainly in the case of methylene blue [38] [39] [40] .
On the basis of results obtained from desorption experiments, it can be expected that the bond between ThT or MB dyes and river sediments and possibly other cationic synthetic dyes will be practically irreversible. It means that the further fate of these substances after their input into the aquatic systems and sediments will be probably determined by degradation processes carried out mainly by autochthonous microorganisms as well as photochemical reactions.
Chemometric Analysis of the Data
In this part of the work, obtained data describing the sorption/desorption characteristics of studied river sediments and sea sand in terms of ThT and MB dyes binding, their physico-chemical characteristics, as well as physico-chemical characteristics of the environment defined by river and model waters were analyzed by methods of multivariate analysis-cluster analysis (CA) and principal component analysis (PCA). Variables used in this way were identified as follows: Sorp ThT and Sorp MB-sorption of ThT and MB onto river sediments or sea sand; Desorp EtOH ThT, Desorp HCL ThT, Desorp EtOH MB and Desorp HCl MB-desorption efficiency for ThT or MB determined using desorption agent represented by solution of 96% vol. ethanol (EtOH) or solution of 0.1 mol dm −3 HCl; pH H2O , pH CaCl2 and pH KCl -pH values of river sediments or sea sand; pH zpc -pH value when matrix shows zero surface charge; CEC-cation-exchange capacity of river sediments or sea sand; pH, Conductivity and Water hardness-pH value, conductivity and water hardness of river or model water; Dissol. solids and Absorbance 254 nm-content of dissolved solids and presence of organic compounds in river or model waters. Studied objects were analyzed and compared river sediments obtained from Dudvah River (Dudvah), Vah River (Vah), and from the water reservoir Kralova (Kralova) non-treated or treated with 0.1 mol dm −3 HCl or deionized water (e.g., Dudvah HCl or Dudvah H 2 O) and chemically treated sea sand (Sea sand). Also, river waters (Dudvah and Vah) or model waters defined by deionized water (Deion. H 2 O), mineral waters (Rajec and Miticka), synthetic lake waters (Esthwaite, Rostherne, and Seathwaite) and synthetic wastewater (Wastewater) were compared as objects.
In the first data analysis, the evaluations of similarities between the studied matrices as objects and relationships between the variables describing the physico-chemical characteristics of studied matrices and their sorption/desorption characteristics for dyes binding were carried out. For these purposes, the cluster analysis (CA) with application of squared Euclidean distance and Ward's method as aggregate rule was used. This analysis was successfully applied in the evaluation of similarities between 24 worldwide large drainage basins on the basis of hydrosedimentary, geomorphologic and climatic variables [31] .
The CA with application of squared Euclidean distance degree of a variety and Ward's method showed that non-treated and treated sediments obtained from Dudvah River were not similar to other studied matrices (cluster No. 4) (Figure 2a) . Within the mentioned cluster no. 4, it was revealed that sediment washing with 0.1 mol dm −3 HCl solution probably caused significant changes on the sediment because the similarity of treated sediment with 0.1 mol dm −3 HCl was significantly lower with non-treated or treated sediments with deionized water. Also, significant changes in sorption/desorption properties of sediments obtained from water reservoir Kralova and Vah River for dyes binding were caused by their washing in 0.1 mol dm −3 HCl solution (cluster no. 2). Identified cluster no. 1 describes the similarity between non-treated sediment obtained from water reservoir Kralova and treated sediment in deionized water. Certain degree of similarity showed sediment obtained from Vah River and treated in deionized water with sea sand (cluster no. 3).
other studied matrices (cluster No. 4) (Figure 2a) . Within the mentioned cluster no. 4, it was revealed that sediment washing with 0.1 mol dm −3 HCl solution probably caused significant changes on the sediment because the similarity of treated sediment with 0.1 mol dm −3 HCl was significantly lower with non-treated or treated sediments with deionized water. Also, significant changes in sorption/desorption properties of sediments obtained from water reservoir Kralova and Vah River for dyes binding were caused by their washing in 0.1 mol dm −3 HCl solution (cluster no. 2). Identified cluster no. 1 describes the similarity between non-treated sediment obtained from water reservoir Kralova and treated sediment in deionized water. Certain degree of similarity showed sediment obtained from Vah River and treated in deionized water with sea sand (cluster no. 3). Mentioned CA was also used to evaluate the relationships between the obtained variables describing the physico-chemical characteristics of studied matrices and their sorption/desorption characteristics for dyes binding (Figure 2b ). The sorption of both ThT and MB dyes significantly correlated with the pHH2O value of sediments determined in suspension with deionized water (cluster no. 7). Separate cluster (cluster no. 6) forms the data describing desorption of ThT and MB dyes realized by 96% vol. ethanol solution. Also, data describing sediment characteristics from the point of view of CEC, pHKCl and pHzpc values on the basis of specific similarity show a correlative relationship (cluster no. 5). This correlation clearly confirms the fact that CEC, pH and pHzpc values for sorbents or other matrices have significant effect on binding metal cations and molecules with positive charge as well.
For the comparison of results obtained from CA, experimental data were also evaluated by principal component analysis (PCA). PCA belongs to important statistical tools, which explains the variance and compositional patterns within large datasets. In PCA, the natural grouping of the studied object and evaluated variables can be seen as well. The eigenvectors determine the direction of maximum variability and the eigenvalues specify the variance in each direction. Eigenvalue > 1 is usually considered as a criterion for extraction of the principal components required to explain the sources of variance in the data. The eigenvalues provide the percentage of variance explained and the cumulative variance of the principal components (PCs). According to the calculated eigenvalues for our data, only three PCs were found important. The first three principal components explain 81.2% of the total variance: PC1 explains 49.3%, PC2 17.2%, and PC3 14.7%. The first component (PC1) offered the correlation between desorption MB by 96% vol. ethanol solution, desorption ThT by 96% vol. ethanol solution, desorption MB by 0.1 mol dm −3 HCl, pHH2O, pHzpc, sorption of ThT and sorption of MB. The second component (PC2) revealed the strong association between CEC, desorption ThT by 0.1 mol dm −3 HCl and sorption of ThT and the third component (PC3) showed the correlation between pHKCl, pHCaCl2 and desorption ThT by 0.1 mol dm −3 HCl. In Figure 3 , the distribution or Mentioned CA was also used to evaluate the relationships between the obtained variables describing the physico-chemical characteristics of studied matrices and their sorption/desorption characteristics for dyes binding (Figure 2b ). The sorption of both ThT and MB dyes significantly correlated with the pH H2O value of sediments determined in suspension with deionized water (cluster no. 7). Separate cluster (cluster no. 6) forms the data describing desorption of ThT and MB dyes realized by 96% vol. ethanol solution. Also, data describing sediment characteristics from the point of view of CEC, pH KCl and pH zpc values on the basis of specific similarity show a correlative relationship (cluster no. 5). This correlation clearly confirms the fact that CEC, pH and pH zpc values for sorbents or other matrices have significant effect on binding metal cations and molecules with positive charge as well.
For the comparison of results obtained from CA, experimental data were also evaluated by principal component analysis (PCA). PCA belongs to important statistical tools, which explains the variance and compositional patterns within large datasets. In PCA, the natural grouping of the studied object and evaluated variables can be seen as well. The eigenvectors determine the direction of maximum variability and the eigenvalues specify the variance in each direction. Eigenvalue > 1 is usually considered as a criterion for extraction of the principal components required to explain the sources of variance in the data. The eigenvalues provide the percentage of variance explained and the cumulative variance of the principal components (PCs). According to the calculated eigenvalues for our data, only three PCs were found important. The first three principal components explain 81.2% of the total variance: PC1 explains 49.3%, PC2 17.2%, and PC3 14.7%. The first component (PC1) offered the correlation between desorption MB by 96% vol. ethanol solution, desorption ThT by 96% vol. ethanol solution, desorption MB by 0.1 mol dm −3 HCl, pH H2O , pH zpc , sorption of ThT and sorption of MB. The second component (PC2) revealed the strong association between CEC, desorption ThT by 0.1 mol dm −3 HCl and sorption of ThT and the third component (PC3) showed the correlation between pH KCl , pH CaCl2 and desorption ThT by 0.1 mol dm −3 HCl. In Figure 3 , the distribution or aggregation of river sediments as studied objects and the relationships between variables describing sorption/desorption characteristics of studied river sediments or sea sand for dyes binding and their physico-chemical characteristics can be identified by biplot (PC1 vs. PC2) association. Mentioned biplot confirms the similarity between non-treated sediment obtained from water reservoir Kralova and treated sediment in deionized water (PCA cluster no. 1) and the dissimilarity of non-treated and treated sediments obtained from Dudvah River to other analyzed sediments (PCA cluster no. 2) also identified in CA (Figure 2a) . However, in this analysis, sea sand was significantly separated from other studied matrices. Sediments obtained from Vah River and sediment Kralova treated with 0.1 mol dm −3 HCl solution also formed cluster (PCA cluster no. 3).
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[41] to apportion sources of polycyclic aromatic hydrocarbons (PAHs) in surface sediments of the Huangpu River in Shanghai (China), whereby parameters defining PAHs characteristics as well as coal combustion, traffic-related pollution and spills of oil products were included in the analysis.
In consideration of the fact that sorption experiments were realized under conditions of obtained river waters or model waters defined by deionized water, mineral waters, synthetic lake waters, or synthetic wastewater, the analogous multivariate analyses for these waters as objects and their physico-chemical characteristics as variables were also carried out. Figure 4a depicts CA results, which revealed a high degree of similarity between model waters imitating lake waters (Esthwaite, Rostherne Mere, Seathwaite Tarn) and deionized water (cluster no. 1). Also, the similarity between waters obtained from Dudvah and Vah River as well as mineral water Rajec (cluster no. 2) was found. Synthetic wastewater and mineral water Miticka showed dissimilarity to other studied waters. On the basis of obtained physico-chemical characteristics of both mentioned waters, it can be concluded that their difference with other studied waters can be connected with The main reason of PCA application was to identify the relationships in terms of positive or negative correlations between the obtained variables. In the evaluation of PCA results, the angle between the vectors representing variables plays an important role. If the angle between the vectors is too low, it represents a positive (synergic) correlation between the studied variables. If the angle is close to 180 • and vectors lie on opposite sides, it represents a negative (antagonistic) relationship between the variables. No correlation between the studied variables is observed if the vectors form a right angle. On the basis of these rules, the positive correlations were found between pH H2O value and ThT sorption (1); pH CaCl2 , MB sorption and desorption MB by 96% vol. ethanol solution (2); and pH KCl and CEC values (3). On the other hand, no correlation was determined between CEC or pH KCl and pH CaCl2 , pH H2O or ThT and MB sorption. PCA was also used by Liu et al.
In consideration of the fact that sorption experiments were realized under conditions of obtained river waters or model waters defined by deionized water, mineral waters, synthetic lake waters, or synthetic wastewater, the analogous multivariate analyses for these waters as objects and their physico-chemical characteristics as variables were also carried out. Figure 4a depicts CA results, which revealed a high degree of similarity between model waters imitating lake waters (Esthwaite, Rostherne Mere, Seathwaite Tarn) and deionized water (cluster no. 1). Also, the similarity between waters obtained from Dudvah and Vah River as well as mineral water Rajec (cluster no. 2) was found. Synthetic wastewater and mineral water Miticka showed dissimilarity to other studied waters. On the basis of obtained physico-chemical characteristics of both mentioned waters, it can be concluded that their difference with other studied waters can be connected with relative high values of conductivity and content of dissolved solids (in the case of mineral water Miticka) or with presence of organic compounds (in the case of synthetic wastewater). The evaluation of relationships from the point of view of physico-chemical characteristics of waters (Figure 4b) showed that the highest degree of correlation was observed between the absorbance of water at 254 nm representing the presence of organic compounds and MB sorption by studied matrices under given environment defined by studied waters (cluster no. 3). Similar significant relationship was also confirmed for content of dissolved solids, conductivity and water hardness values (cluster no. 4). The correlation between ThT sorption and mentioned parameters was found to a lesser extent.
According to the calculated eigenvalues, three PCs were found important, when the first three principal components explain 94.4% of the total variance: PC1 explains 49.4%, PC2 28.4%, and PC3 16.6%. The PC1 showed the correlation between conductivity, content of dissolved solids and water hardness. The PC2 revealed the correlation among absorbance of water at 254 nm and MB sorption and the PC3 among water pH and ThT sorption. Obtained biplot (PC1 vs. PC2) revealed ( Figure 5 ) that the similarities between the studied waters as objects on the basis of data characterizing the sorption affinities of matrices to ThT and MB dyes under conditions defined by mentioned waters and their physico-chemical characteristics were identical as in the case of CA. In this context, the similarity between the model waters imitating lake waters (Esthwaite, Rostherne Mere, Seathwaite Tarn) and deionized water (PCA cluster no. 1) was confirmed. A high degree of similarity also showed waters obtained from Vah or Dudvah River and mineral water Rajec (PCA cluster no. 2), but these waters were dissimilar with synthetic wastewater and mineral water Miticka.
In the case of evaluated variables, a high degree of positive correlation showed content of dissolved solids, conductivity and water hardness values. Similar correlations were also observed in the case of ThT sorption by studied matrices under conditions of studied waters and water pH value as well as between MB sorption and presence of organic compounds. The relationship between parameters, such as presence of organic compounds and water pH or ThT sorption values, was practically not identified. The evaluation of relationships from the point of view of physico-chemical characteristics of waters (Figure 4b) showed that the highest degree of correlation was observed between the absorbance of water at 254 nm representing the presence of organic compounds and MB sorption by studied matrices under given environment defined by studied waters (cluster no. 3). Similar significant relationship was also confirmed for content of dissolved solids, conductivity and water hardness values (cluster no. 4). The correlation between ThT sorption and mentioned parameters was found to a lesser extent.
In the case of evaluated variables, a high degree of positive correlation showed content of dissolved solids, conductivity and water hardness values. Similar correlations were also observed in the case of ThT sorption by studied matrices under conditions of studied waters and water pH value as well as between MB sorption and presence of organic compounds. The relationship between parameters, such as presence of organic compounds and water pH or ThT sorption values, was practically not identified. 
Conclusions
The sorption of cationic dyes thioflavine T (ThT) and methylene blue (MB) as organic xenobiotics onto Slovakian river sediments obtained within the catchment area of Vah River (southwest Slovak Republic) was investigated by laboratory batch experiments. To find the factors affecting the sorption of studied synthetic dyes, the sampled river sediments were described on the basis of the physicochemical characteristics, such as pH (determined by three methods), pHzpc, or cation-exchange capacity. Moreover, for the extension of studied objects as well as in terms of comparative study, the river sediments were treated in a deionized water or 0.1 mol dm −3 HCl solution. Heavy metals contamination of obtained sediments as well as the changes in sediment composition caused by sediment washing with deionized water or 0.1 mol dm −3 HCl solution were evaluated using X-ray fluorescence spectrometry. Used model solutions as an environment of realized sorption experiments representing deionized water, river water samples taken from Dudvah and Vah River, mineral waters, synthetic lake waters or synthetic wastewater were subjected to determine the values of pH, conductivity, water hardness or content of dissolved solids, and the presence of organic compounds. The determinations of inorganic dissolved anions by ion chromatography and cations-metals by stripping voltammetry were also carried out.
From the comparison of the maximum values of sorption capacities (Qs) for ThT or MB sorption onto studied sediments and sea sand, it was found that the affinity of matrices to benzothiazole dye ThT decreased in the order: sediment from Dudvah River (Qs = 5.03 ± 0.28 mg g −1 ; ±SD) > sediment from water reservoir Kralova (Qs = 3.85 ± 0.40 mg g −1 ) > sediment from Vah River (Qs = 2.70 ± 0.30 mg g −1 ) > sea sand (Qs = 1.16 ± 0.92 mg g −1 ). In the case of MB, the affinity of matrices to this thiazine dye decreased in the order: sediment from Dudvah River (Qs = 8.70 ± 0.42 mg g −1 ) > sediment from water reservoir Kralova (Qs = 5.85 ± 0.96 mg g −1 ) > sediment from Vah River (Qs = 4.31 ± 1.49 mg g −1 ) > sea sand (Qs = 1.89 ± 0.19 mg g −1 ). In general, the maximum values of dye sorption Qs were found for MB (minimally 1.5-times higher than in the case of ThT), sediment originated from Dudvah River, deionized water as experimental environment and for non-treated sediments. On the other hand, the minimum values of Qs were calculated for ThT, sea sand, mineral water (Miticka) as experimental environment and for sediments treated with 0.1 mol dm −3 HCl solution. In individual experiments, it was found that sorbed ThT and MB dyes were more released from the studied matrices under conditions represented by solution of 96% vol. ethanol (EtOH) in comparison with solution of 0.1 mol 
The sorption of cationic dyes thioflavine T (ThT) and methylene blue (MB) as organic xenobiotics onto Slovakian river sediments obtained within the catchment area of Vah River (southwest Slovak Republic) was investigated by laboratory batch experiments. To find the factors affecting the sorption of studied synthetic dyes, the sampled river sediments were described on the basis of the physico-chemical characteristics, such as pH (determined by three methods), pH zpc , or cation-exchange capacity. Moreover, for the extension of studied objects as well as in terms of comparative study, the river sediments were treated in a deionized water or 0.1 mol dm −3 HCl solution. Heavy metals contamination of obtained sediments as well as the changes in sediment composition caused by sediment washing with deionized water or 0.1 mol dm −3 HCl solution were evaluated using X-ray fluorescence spectrometry. Used model solutions as an environment of realized sorption experiments representing deionized water, river water samples taken from Dudvah and Vah River, mineral waters, synthetic lake waters or synthetic wastewater were subjected to determine the values of pH, conductivity, water hardness or content of dissolved solids, and the presence of organic compounds. The determinations of inorganic dissolved anions by ion chromatography and cations-metals by stripping voltammetry were also carried out.
From the comparison of the maximum values of sorption capacities (Q s ) for ThT or MB sorption onto studied sediments and sea sand, it was found that the affinity of matrices to benzothiazole dye ThT decreased in the order: sediment from Dudvah River (Q s = 5.03 ± 0.28 mg g −1 ; ±SD) > sediment from water reservoir Kralova (Q s = 3.85 ± 0.40 mg g −1 ) > sediment from Vah River (Q s = 2.70 ± 0.30 mg g −1 ) > sea sand (Q s = 1.16 ± 0.92 mg g −1 ). In the case of MB, the affinity of matrices to this thiazine dye decreased in the order: sediment from Dudvah River (Q s = 8.70 ± 0.42 mg g −1 ) > sediment from water reservoir Kralova (Q s = 5.85 ± 0.96 mg g −1 ) > sediment from Vah River (Q s = 4.31 ± 1.49 mg g −1 ) > sea sand (Q s = 1.89 ± 0.19 mg g −1 ). In general, the maximum values of dye sorption Q s were found for MB (minimally 1.5-times higher than in the case of ThT), sediment originated from Dudvah River, deionized water as experimental environment and for non-treated sediments. On the other hand, the minimum values of Q s were calculated for ThT, sea sand, mineral water (Miticka) as experimental environment and for sediments treated with 0.1 mol dm −3 HCl solution. In individual experiments, it was found that sorbed ThT and MB dyes were more released from the studied matrices under conditions represented by solution of 96% vol. ethanol (EtOH) in comparison with solution of 0.1 mol dm −3 HCl as desorption agents; however, the desorption efficiency not exceeded 25% of the sorbed amount of dye.
Obtained data were subjected to multivariate analysis for comparison of studied objects (river sediments or river and model waters) as well as in finding relationships between the variables describing the physico-chemical characteristics of studied matrices or waters and sorption/desorption characteristics of matrices for dyes binding. From the obtained results, it can be concluded that applied methods of multivariate analyses (cluster analysis and principal component analysis) represent a suitable tool for evaluation of sorption/desorption processes of organic xenobiotics binding in sediments studied by short-time laboratory batch experiments. These chemometric approaches can find hidden or in individual linear and non-linear descriptions of two or more parameters hard defining relationships between the studied objects as well as variables characterizing the processes e.g., transport or mobility of contaminants in individual environmental components. containing C0 = 40 mg dm −3 ThT or MB at initial pH value mentioned in Table 3 for individual model waters and at 25 °C. Error bars represent standard deviation of the mean (n = 2). Figure B3 . Kinetics of ThT (a) and MB (b) dye sorption onto river sediments and sea sand (concentration of sediment 5 g dm −3 ) from mineral waters (Rajec-index 1 and Miticka-index 2) containing C0 = 40 mg dm −3 ThT or MB at initial pH value mentioned in Table 3 for individual model waters and at 25 °C. Error bars represent standard deviation of the mean (n = 2). ThT or MB at initial pH value mentioned in Table 3 for individual model waters and at 25 °C. Error bars represent standard deviation of the mean (n = 2). Figure B3 . Kinetics of ThT (a) and MB (b) dye sorption onto river sediments and sea sand (concentration of sediment 5 g dm −3 ) from mineral waters (Rajec-index 1 and Miticka-index 2) containing C0 = 40 mg dm −3 ThT or MB at initial pH value mentioned in Table 3 for individual model waters and at 25 °C. Error bars represent standard deviation of the mean (n = 2). a2 b2 a1 b1 a2 b2 Figure A4 . Kinetics of ThT (a) and MB (b) dye sorption onto river sediments and sea sand (concentration of sediment 5 g dm −3 ) from mineral waters (Rajec-index 1 and Miticka-index 2) containing C 0 = 40 mg dm −3 ThT or MB at initial pH value mentioned in Table 3 
